We prepared prototype phthalate ester-free tissue conditioners (PFT) from a powder of poly (ethyl methacrylate) and a mixture of several liquids, including di-n-butyl sebacate, benzyl benzoate (BB), and ethanol.
INTRODUCTION
The disruption of animal reproductive systems in the wild has been attributed to environmental contaminants that mimic the effects of estradiol1). In fact, a number of chemical contaminants have estrogenic activity when tested in biological systems2).
In addition, a few chemicals used as dental materials may be estrogenic xenobiotics3-5).
To better understand the cytocompatibility of biomaterials, one key approach is to deter the interaction between cells and materials in vitro6-8). An in vitro study showed that a small number of phthalates were weakly estrogenic in a recombinant yeast screen and an E-screen9). In an in vivo study, Ema et al.10) reported that cleft palate, fusion of the sternebrae, and dilatation of the renal pelvis occurred in pregnant rats which were given butyl benzyl phthalate by gastric intubation. Our previous study11) also showed that when phthalate esters were used as plasticizers, four commercial tissue conditioners containing these plasticizers exhibited estrogenic activity in vitro. Therefore, to avoid potential problems due to estrogenic activity, it is necessary to develop new phthalate ester-free tissue conditioners (PFT).
One phthalate-free plasticizer candidate is di-nbutyl sebacate (DBS), which we have found is not estrogenic12). In addition, prototype tissue conditioners made from DBS show less cytotoxicity than those from phthalate esters12). Benzyl benzoate (BB) is another phthalate ester-free plasticizer candidate that lacks estrogenic activity11). This plasticizer has been widely used as a mainor sub-plasticizer in commercial tissue conditioners11,13 Table 1 Chemicals used in this study Table 2 Composition of the experimental liquids Cytotoxicity Fig. 2 shows the cytotoxicity of the tissue conditioners in the LSE system as assessed by WST assay.
Cell viability was not affected by the 6-hour treat- Fig. 1 Estrogenic activities of the liquids in PFT as assessed by the E-screen test using SRB assay. Fig. 2 Cytotoxicity of PFT and three commercial tissue conditioners using the WST assay. Fig. 3 Rubber hardness of prototype and commercial tissue conditioners using a Shore A durometer. ment with any of the tissue conditioners. However, all of the tissue conditioners reduced cell viability after 24 hours (p<0.05).
At this time point, CC reduced cell viability most substantially (p<0.05). Cell viability following a 24-hour treatment with ExC and FT was also reduced (p<0.05), although it was less substantial compared to that by CC. Fig. 3 shows the rubber hardness of the prototype and commercial tissue conditioners. The rubber hardness of all tissue conditioners tested increased progressively with time. At all time points, ExA and FT showed the highest and lowest rubber hardness respectively.
Mechanical properties 1) Rubber hardness
The rubber hardness values of ExB and TC were the second highest after 14 and 30 days. 2) Initial flow Fig. 4 shows the initial flow of prototype and commercial tissue conditioners.
In this assay, a higher diameter represents a higher flow. The flow of all tissue conditioners decreased progressively with time. Until the 4th minute time point, the order of the initial flow was ExA>CC>TC>ExB>ExC>FT.
Effects of experimental
liquids on the mechanical properties of a denture resin 1) Young's modulus Fig. 5 (a) shows the Young's modulus of a denture resin. The Young's modulus of the denture resin decreased progressively with time when stored in ExC, TC, and CC liquids. 2) Maximum stress Fig. 5 (b) shows the maximum stress of the denture resin.
Only the CC liquid caused a progressive decrease in the maximum stress of the denture resin with time. In the present study, the three experimental liquids containing DBS, BB, and ethanol did not show any estrogenic activity.
These results corresponded well with our previous study12)
We further evaluated the cytotoxicity of the prototype and commercial tissue conditioners in the LSE system.
None of the tissue conditioners showed cytotoxicity following 6-hour incubation. However, all of the tissue conditioners showed cytotoxicity after 24 hours.
This could be due to the plasticizer present in the tissue conditioners. Prolonged working time might induce cytotoxicity.
Our previous study17) showed that the order of cytotoxicity was BB>phthalate ester plasticizers>DBS, and that increasing BB content in prototype tissue conditioners corresponded with decreased cell viability.
CC, the plasticizer most commonly used, was strongly cytotoxic. FT was also cytotoxic, which could be due to the presence of a phthalate ester (butyl phthalyl butyl glycolate) in the liquid component of the tissue conditioner (data not shown) and the use of another polymer component, butyl methacrylate.
Although phthalate esters that are released from commercial tissue conditioners are weakly estrogenic, it is rather unlikely that any adult intake of phthalate esters will reach the dose necessary to cause adverse effects. Furthermore, embryos and infants are known to be highly sensitive to endocrine disrupters3), but such materials are most likely not used by this age group.
On the other hand, given the cytotoxicity of phthalate esters, their release from tissue conditioners should be considered a potential reason for oral diseases of unknown etiology18). In the present study, we showed that prototype tissue conditioners using DBS as a main plasticizer have weak cytotoxicity.
Indeed, this plasticizer is not expected to cause any acute oral toxicity or irritate the skin. Tissue conditioners and soft lining materials have been used as the modern removable prothodontics19) because of their ability to heal inflamed and distorted mucosa20). In the present study, we examined the viscoelastic property of the tissue conditioner as a dynamic impression material. Murata et al. 21) reported that a dynamic impression material should initially exhibit characteristics similar to those of a tissue conditioning material.
In other words, it should flow readily after the denture containing the material is placed in the mouth. However, when the denture is removed and during subsequent cast construction, it should not flow but rather resist permanent deformation.
The tissue conditioners changed to a gel over time as the powder and liquid mixed, and also due to the release of EtOH21). As a result, their viscoelastic properties progressively decreased.
We attempted to control the viscoelastic properties of the PFT by incorporating BB -which has a strong affinity for polymers.
DBS, in contrast, has a low affinity for polymers.
Since incorporating only plasticizers in the liquid portion of the PFT might lead to longer gelation time, ethanol is usually incorporated in the liquid component of PEMAcontaining tissue conditioners.
Therefore, to control gelation time, we included 15% ethanol in the experimental liquid for each prototype PFT.
To assess the viscoelastic properties of the prototype PFT and commercial tissue conditioners, we examined them by flow measurement.
We found that the degree of BB incorporation produced significant differences in the initial flow. This is because a low molecular weight and the presence of an aromatic ring give BB a strong affinity for polymers.
On Accordingly, a higher ethanol content resulted in a higher initial flow. Since the liquid in FT was ethanol-free, until the 4 minute time point, its initial flow was lower than any of the other tissue conditioners.
The reasons for the above observations are unclear, but it might be due to the use of butyl methacrylate polymer or differences in the P/L ratio.
Next, we examined the rubber hardness of the tissue conditioners, which is an indication of their resilience. The rubber hardness of prototype PFT decreased as the degree of BB incorporation increased, i.e., the materials became softer. This is probably due to the same reasons that accounted for BB's initial flow -specifically its molecular weight and chemical structure.
Although CC liquid contained 87.3% BB22), it fared lower in rubber hardness when compared to other tissue conditioners.
It was FTwhich contained butyl methacrylate polymer as the powder -which had the lowest rubber hardness at all time points.
Similarly, Parker et al.23) demonlstrated that gels based on a 80/20 ratio of butyl methacrylate/ethyl methacrylate copolymer were initially much softer than those based on poly (ethyl methacrylate).
Previous studies reported12) that the flexural strength of heat-polymerizing resin decreased considerably when stored with plasticizers such as BB and benzyl salicylate, which have small molecular weight and a high affinity for PEMA.
This could be because these plasticizers penetrated easily into the polymer chain of the denture resin.
Indeed, we found that the storage of heat-polymerizing resin in cc and ExC liquids caused a progressive decrease in Young's modulus with time.
This was also found when the heat-polymerizing resin was stored in the TC liquid. In the case of TC liquid, the progressive decrease in Young's modulus could be due to the plasticizer, dibutyl phthalate.
On the other hand, although the maximum stress of the resin stored in cc liquid decreased with time, those stored in ExC and TC did not.
It is possible that the plasticizer causes fracture of the heat-polymerizing resin before it reaches the yield point; however, heat-polymerizing usually allows sufficient permeation of the liquid component so that it might hold up the yield point due to flexibility.
Therefore, these findings indicated that it is absolutely necessary to evaluate the maximum stress and Young's modulus in order to determine the influence of the liquid component of tissue conditioners on heat-polymerizing resin. Although the present study investigated the mechanical strength of heat-polymerizing resin for a period of only seven days, decreases in the fracture strength of heat-polymerizing resin are reported only after 90 days of water storage24).
Thus, long-term storage tests should be carried out to obtain a better understanding of the effects of tissue conditioners on denture resin.
In a previous Study25), cracking occurred when the resin contacted an organic solvent such as resin monomer, acetone, chloroform, or ethanol.
Therefore, penetration of the liquid component from the tissue conditioner into the denture resin is a concern. Yoshida et al. 25) reported that conditioning for three days did not affect the bend strength of denture resin. In the current study, we stored the denture resins in the experimental liquids -which was a more severe treatment.
Despite the strong affinity of BB for polymers and the harshness of this treatment, the mechanical properties of denture resin were not affected by storage in ExB liquid.
In conclusion, the PFT made from combination of 70% DBS, 15% BB, and 15% ethanol was biocompatible, had favorable viscoelasticity, and caused no detrimental effects on denture resin. This prototype is therefore a reasonable PFT candidate. S-R IvosealTM, the only PFT with DBS, is available in the market.
However, the liquid uses considerably more EtOH (48.1%)22). It is believed the EtOH facilitates the release of plasticizer, since the material exhibits a plastic deformation in the early stage22). Since tissue conditioners are susceptible to colonization by microorganisms, and since the proliferation of microorganisms is not inhibited by weak cytotoxic materials, such as those in the prototype PFT, it may be necessary to incorporate an antibacterial agent in the PFT.
Further investigations must be performed, including in vivo and epidemiological studies, to determine the operability, safety, stability, and other clinical aspects of the PFT.
